Abstract A convenient method has been described for eco-friendly synthesis of 3,4-dihydropyrimidin-2(1H)-thiones in the presence of L-proline nitrate as a green amino acid ionic liquid (AAIL) under mild conditions. This greener synthetic method offers benefits like higher yields, shorter reaction times and simple work-up. Easy recyclability of the bio-compatible catalyst makes this protocol attractive, economic and environmentally-benign. 
Introduction
Dihydropyrimidinones (DHPMs) are the important class of compounds which exhibit pharmacological activities such as calcium channel blockers, anti-inflammatory, antitumor, a 1a adrenoreceptor antagonist, antihypertensive agents [1, 2] , antibacterial [3] , antioxidative [4] and antiviral compounds [5] . Foremost access to these biologically potent DHPMs scaffold was described by Biginelli in 1893 [6] . Traditional approach of HCl-catalyzed three-component cyclocondensation has serious drawbacks like lower yields (20-60%) and longer reaction time (24-36 h ). The vital pharmacological values of this privileged scaffold develop huge interest in the minds of organic chemists. This led to the development of synthetic protocols with a variety of catalysts. Most of those catalytic developments for the synthesis of 3,4-dihydropyrimidin-2(1H)-thiones involve use of various Lewis acids [7] [8] [9] , triflates [10] [11] [12] , CAN [13] , molecular I 2 [14] , LaCl 3 -graphite [15] , PPh 3 [16] , Dowex [17] , baker's yeast [18] , heteropolyacids [19] , covalently anchored sulfonic acid on silica [20] , Amberlyst-70 [21] , DBSA [22] , TCCA [23] , ammonium carbonate [24] , L-proline [25] , L-tyrosine [26] , TiO 2 -CNTs [27] , silica-bonded N-propyl sulfamic acid [28] and N-sulfonic acid poly(4-vinylpyridinium)chloride [29] .
Although a handful of the reported catalysts are environmentally friendly, many others are either toxic or corrosive and difficult to handle. Considering the current status of global issues, there is an ever increasing stress for replacing toxic solvents and catalysts with environmentally accepted competent. Recently, the chemical class of ionic liquids attracted most of chemists for their supreme values. Basically ILs are the organic salts of high selectivity, which added green treasure in the organic syntheses. High transformations, cleaner reaction profiles, operational simplicity, non-volatility, thermal stability, low melting temperature, high decomposition temperature, low viscosity and zero toxicity are some of the key factors that satisfy precepts of green synthesis. [31] . Recently, 1-sulfopyridinium chloride has also been employed for the expeditiously modified Biginelli reaction [32] . However there are concerns about the use of synthetic N-heterocycles as a source of quaternary nitrogen. Amino acid ionic liquids (AAILs) are fully green ionic liquids derived from even natural, bio-compatible and non-toxic materials. Hitherto, our research group recently utilized the catalytic potential of L-proline nitrate for the access to functionalized piperidines [33] and was earlier employed by Tao et al. as a solvent cum catalyst for Diels-Alder transformation [34] .
Considering the role of L-proline in enamine and imine catalysis, we report an efficient, simple and recyclable protocol for the synthesis of 3,4-dihydropyrimidin-2-(1H)-thiones using L-proline nitrate as recyclable and bio-compatible catalyst under mild reaction conditions (Scheme 1).
Experimental

General
All solvents and chemicals were obtained commercially and used as received. Melting points were determined in an open capillary and are uncorrected. NMR spectra were taken with Bruker NS 34 at 400 MHz using DMSO-d 6 as the solvent.
General procedure for the L-proline nitrate catalyzed Biginelli reaction
A mixture of thiourea (2.5 mmol), benzaldehyde or substituted benzaldehydes (2 mmol), b-ketoester (2 mmol) and L-proline nitrate (0.2 mmol) in methanol (2 mL) was stirred at room temperature for a specified time (TLC monitoring). Solid precipitated out from the reaction mixture was filtered, and recrystallized from methanol to afford pure 3,4-dihydropyrimidin-2(1H)-thiones as yellow/white solids. The catalyst from filtrate was recovered by the procedure mentioned below.
Reusability of L-proline nitrate
After isolation of the product, methanol in the filtrate was removed under reduced pressure. The residue thus obtained was washed with a little amount of water. Since L-proline nitrate is soluble in water, we get an aqueous solution of the catalyst as a filtrate. Water from the filtrate was removed under reduced pressure and the last traces of water were removed by forming azeotrope with a very little amount of toluene to get the catalyst which was then available for the next cycle of reaction. 
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Result and discussion
To test the catalytic efficacy of L-proline nitrate for Biginelli 3,4-dihydropyrimidin-2(1H)-thiones synthesis, a string of reactions with varied reaction conditions were examined using L-proline nitrate as a catalyst with benzaldehyde, ethyl acetoacetate and thiourea at ambient temperature and the upshots are summarized in Table 1 . The findings indicate that there is no crucial outcome in the absence of catalyst (Table 1 entry 1,2) . We further found that the yields are obviously affected with the amount of L-proline nitrate. 10 mol% of L-proline nitrate was found effective in stitching of all starting substrates to 3,4-dihydropyrimidin-2(1H)-thiones with high yields (Table 1 entry 4) . The catalytic activity of L-proline nitrate was then studied considering the above model reaction and obtained destined product in 92%, 91%, 90%, 88% and 86% yields with first five consecutive runs, which proves the potential of the proposed catalyst with high recycling power. In order to explore the access of this study, a series of Biginelli products were tailored with optimized conditions. Aromatic aldehydes with electron withdrawing as well as electron donating groups do not have any effects on the yields of the reaction and reactions proceed smoothly giving better yields (Table 2) .
A plausible mechanism as suggested by Kappe [42] 
Conclusion
We report L-proline nitrate as a clean, operationally simple, non-volatile, thermally stable (low melting temperature and high decomposition temperature), nontoxic and recyclable catalyst for the synthesis of 3,4-dihydropyrimidin-2(1H)-thiones. This protocol avoids aqueous work-up and hence large aqueous waste streams were avoided which is an additional green aspect of the methodology. The successful application of eco-friendly solvent and catalyst combination is fascinating and is likely to open the gateway to the development of similar reaction systems for other principle organic transformations. 
